Using the reductive perturbation method a theoretical infrastructure has been developed to study the nonlinear propagation of ion-acoustic waves in self-gravitating multicomponent dusty plasma consisting of positive ions, non-isothermal electrons and negatively charged warm dust particles with uctuating dust charges and drifting motion. It is shown that instead of coupled nonlinear equations as obtained by earlier authors the nonlinear propagation of ion-acoustic waves in such a plasma can be described by an uncoupled third order partial dierential equation which is a modied form of the Kortewegde Vries equation. From this equation, quasi-soliton solution is obtained for the ion-acoustic wave. The eects of non-isothermal electrons, gravity, dust charge uctuations and drifting motion on the ion-acoustic solitary waves are discussed with application in astrophysical contexts. The importance of the model considered here has also been pointed out.
Introduction
During the past years dusty plasma has been a grow- and also aects the coagulation rate of dust into larger bodies. When the dust intergrain average separation is smaller than plasma Debye length, the collective rather than single-particle eects of dust grains become important.
It has been found both theoretically and experimentally that the presence of charged dust grains modies the existing plasma wave spectra. Also in some cases * corresponding author; e-mail: drsnpaul@gmail.com the presence of massive charged dust grains gives rise to new low-frequency eigenmodes of the dust electronion plasma.
The existence of dust-acoustic wave (DAW) was rst predicted theoretically by Rao et al. [1] , with the dust grains providing the inertia and the pressure of inertless electrons and ions providing the restoring force. The existence of dust-ion-acoustic wave (DIAW) was predicted by Shukla and Silin [2] . The existence of these new eigenmodes has also been conrmed experimentally [3, 4] . Rao [5] has also found the Alfven and magnetosonic modes in dusty plasma.
The presence of charged massive dust grains can signicantly modify the linear and nonlinear wave propagation through plasma. When the size of the dust grains becomes considerable, the gravitational eects of dust grains become important though the eect is certainly negligible for electrons and ions. In fact, a number of authors have considered nonlinear wave propagation in self-gravitating dusty plasma where there is a competition between gravitational self-attraction and electrostatic repulsion between the charged grains, apart from other electromagnetic eects. It has been found that the gravitational eect can also signicantly inuence the nonlinear wave propagation through dusty plasma.
In magnetized dusty plasma with medium-sized grains the gravitational and magnetic eects may become comparable. It has been shown that self-gravitational eect in dusty plasma may lead to macroscopic instability of (116) the Jeans type [6] which is believed to play a crucial role in the formation of many astrophysical objects such as galaxies, stars, etc. The magneto-gravitational instability of self-gravitating dusty plasma is relevant to the understanding of star formation. Thus the presence of charged dust grains in plasma inuences wave propagation and various other collective properties of the plasma.
It is well known that dust particles get negatively charged due to attachment of the background electrons and ions on the surface via collisions [7] . The electrostatic charging of dust grains immersed in plasma is the main feature of dustplasma interaction in dusty plasma.
The charge on a dust particle does not remain xed but depends on plasma properties, electron and ion currents owing into or out of dust grains, photoemission, etc. In In the study of ion-acoustic waves one usually considers Boltzmann distributed electrons. However this assumption cannot be maintained during the passage of waves in collisionless plasma. When the amplitude of the wave is large, electrons may be trapped in the potential trough [14] . In fact such trapping can occur even for small amplitude waves [15] . These trapped electrons interact strongly with the wave during the evolution of the wave and therefore cannot be treated on the same footing In fact it has been shown that for electrostatic wave propagation in plasma non-Maxwellian distribution presents a better t to the experimental data while standard
Maxwellian distribution only provides a crude description [35] . Recent studies show that the instability of self--gravitating plasma system is modied by the presence of non-Maxwellian eects [24, 30, 35] . In a self-gravitating plasma system where long-range interactions dominate and non-equilibrium stationary states exist, each particle is constantly feeling the inuences by all other particles in the system, the energy distribution of the particles in the system is likely to be non-Maxwellian For ions
For dust particles
Poisson's equations
Charge neutrality condition For the non -isothermally distributed electrons the number density is given by [45] :
n e = n e0
where the constant b, called non -isothermal parameter, is given by
and the parameter β is dened as β = T ef /T et , (12) in which T ef is the temperature for the free electrons and T et is the temperature for the trapped electrons. The parameter β determines the nature of the distribution function giving a plateau if β = 0 and a dip if β < 0 and a hump if β > 0. β = 1 corresponds to Maxwellian distribution. In this paper the case β ≥ 0 will be considered for the non -isothermal electrons.
Derivation of the modied KdV equation
For the derivation of the nonlinear equation governing the nonlinear dynamics of the wave, we make the usual stretching of the space coordinates and time [45] ,
where V is the linear phase velocity and ε is a smallness parameter measuring the dispersion and nonlinear eects. Further, we assume the following perturbation expansion for the eld variables:
where X stands for n s , v s , p s , φ, ψ with φ 0 = ψ 0 = 0.
Using (13) and (14) in Eqs. (1)(8) and equating the coecients of the lowest order of ε we obtain
4πG
where
and the mass of electron m e is neglected.
Using (15) and (16) in (17) we get
Similarly, from (18) we obtain
From (19) and (20) the linear dispersion relation for the ion-acoustic wave in self-gravitating dusty plasma is derived as
Simplifying (21) we obtain
It is a biquadratic equation in V and its real positive solutions correspond to dierent modes of propagation.
For a cold plasma σ i = 0, a 1 = b 1 = 0, then with v i0 = v d0 = v 0 one gets two modes of propagation given by
Obviously one mode has relatively high phase speed and the other mode has relatively low phase speed. For a cold non-drifting plasma only one mode of propagation is possible. Now, equating the coecients of ε 7/4 we obtain from Eqs. (1)(8):
and
Using Eqs. (23)(28) we derive the following modied KdV equation in gravitating dusty plasma containing non-isothermal electrons:
) .
(30c)
If we neglect the eect of charge uctuation on the dust grain, then R = 0 and a solitary wave solution to Eq. (29) in a frame moving with velocity λ can be obtained as
Its amplitude and width depends on the non-thermal parameter and gravitational eect through P and Q.
At this point we must mention that in the limit λ 1 → 0 or λ 2 → 0 the coecients A 1 , A 2 , B 1 
where a 0 is the amplitude, (16/a 0 ) 1/4 is the width and √ a 0 is the velocity. With R ̸ = 0 we also assume that Eq. (32) has a quasi-soliton solution
whose amplitude can be expressed as [46] :
where η 0 corresponds to some initial value of the variable η. Obviously if R < 0, the amplitude of the soliton increases exponentially indicating instability. On the other hand, if R > 0 the wave amplitude decays exponentially with the increase in the independent variable η.
Results and discussions
To describe the nonlinear propagation of ion-acoustic waves through self-gravitating dusty plasma we have de- To summarize, the most important achievement in this paper is that instead of coupled nonlinear equations as obtained by earlier authors an uncoupled nonlinear equation has been obtained which is advantageous. Also, the model considered here can be easily extended to study the eects of dierent types of electron distributions on the nonlinear propagation of ion-acoustic waves in self--gravitating dusty plasma.
